INTERMOUNTAIN POWER PROJECT
BURNER MODIFICATIONS
COMMENTS BY J.W. SMITH
SEPTEMBER 24, 1991

While the finite element analysis is simplified, it has helped to point
out something that should be done in our new design.

In either the original or new design there is a radial temperature
gradient with the ID of the back plate hotter that the OD. If one just
examines the radiation view angle along the radius of the back plate,
this becomes apparent. The original design had the outside
circumference of the back plate well shielded from furnace radiation,
so this area would run near the windbox temperature while ID would run
considerably hotter. With a flat ring and a radiant temperature
gradient hotter on the inside than on the outside, the inside will be
in compression tangentially while the outside will be in tension
tangentially. For a linear temperature gradient, the stress values may
be found by formula. With a non-linear gradient, the stress levels,
assuming no buckling, may be found by a simple, linear finite element
analysis as used by RJM.

In any case, the significant stress Tevels shown are believable. With
the high compressive stress on the inside, the inside will fail in a
buckling mode with any number of failure shapes possible. It would
take a very sophisticated non-linear program to predict buckling shape.
Attached is an article from Mechanical Engineering discussing buckling
prediction with such non-linear programs. The first mode of buckling
might be a shape similar to a Belleville washer with higher modes of
failure being a wavy shape along the ID. As suggested by RJM, this
type of buckling failure would not be acceptable, as it would probably
result in failure of the floating backing ring support clips.

The idea of segmenting backing ring has merit as it addresses the
buckling potential described above. B&W has used this design, for the
same reason, for the refractory support ring of the CFB L-valves. The
segments are essentially free plates, and if heated with a temperature
gradient from one side to the other they, will deform with much lower
stresses at the inner and outer fibers. Since in all scenarios it
appears that the OD temperature will be less than the ID temperature,
the various segments may touch at the OD. The gap between the segments
would be set to taper from zero at the OD to 1/4" at the ID to
accommodate the probable range of temperature gradient (see attached
calculation). '
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Both the finite element analysis and the above discussion are
simplistic. In fact, the heat flux and resulting temperature
distribution are not uniform around the circumference of the plate.
This non-uniformity will produce a number of other buckling potentials.
Breaking the ring into segments is also useful for addressing non-
uniformity as the segments are less restrained, and by their smaller
size, are subject to less radial temperature gradients across their
area.

The finite element analysis also has not considered another of the
temperature gradients that contributes to the deformation of the back
plate. There will be a tempeEature gradient through the thickness of
the back plate (a 10,000 B/ft°/hr will result in a 35F A T). The
furnace side of the back plate is heated by radiation from the furnace
while the windbox side of the back plate is cooled by radiation to the
windbox air (in addition to the convection cooling). The result is a
heat flux and temperature gradient through the plate thickness. A ring
(or circular disk) with a temperature gradient through it tends to
deform like a Belleville washer (exactly as a regenerative air heater
surface matEix bows as a result of the & T through the surface). The
10,000 B/ft“/hr heat flux (35 A T) will cause an axial displacement of
1/8" at the 1D compared to OD (and both & T and displacement will be
proportional to flux). This again would load the support clips on a
ring. A segment also bows due to the gradient through the thickness,
but here one can consider the edge clips to be restraints with the
center surface bowing slightly towards the furnace as a result of the
gradient. This process, again, reinforces the desirability of the
segments.

The RIM concept of desirable swirl number of .8 on the inner zone and 0
on the outer zone is so distant from our experience that it is
difficult to comment.

The interesting task will be to assure that IPSC holds RJIM responsible
for the burner performance and for achieving an operating set up that
produces proper flame stability, flame length, unburned carbon loss and
NOx performance. IPSC should clarify that the RJIM disclaimer on burner
design does not apply to the operating performance and that RJIM is
responsible for proper burner operation. (5 fadE Dovd THIS P

We have all stated to IPSC that recirculation is possible in an over
swir]l condition and have suggested to IPSC that they should reduce
swirl on the present burners.

I have yet to follow the rational in the recirculation parameter.
Intuitively, I would think that, at the 0 vane angle on the inner air
register, a stronger, no swirl inner air flow would have an improved
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recirculation parameter. Comparing the curves of inner air flow, vane
angle and outer register position to the curve of recirculation
parameter, inner air vane angle and outer register position, the
opposite trend is noted with a decrease in inner air flow providing a
more positive recirculation parameter. This will be discussed with our
CFD experts.

The RIM recommendation of 35/65 inner and outer split is within the
range of operating parameters we would recommend. Our nominal sizing
condition is more on the order of 25/75, but the actual operating
parameters may well range to his recommendations.

Balancing the outer area zones by shrouding is a nicety, but we would
recommend that the balance be done with some outer zone swirl. If
shrouds are installed to balance the burners with the registers wide
open, then adding swirl to the outer zone (as will be required) will,
to some degree, unbalance the burners.

The material thickness will remain as indicated on the B&W drawing.
The increased thickness does provide added strength and resistance to
buckling. Perhaps more significant, however, the increased thickness
provides a greater flow area for heat conduction in the radial
direction through the plate. This will help to minimize the radial
temperature gradient and minimize component buckling. The material
selection will be a mix of 304H and 309H since IPSC does not seem
interested in the 800H and we have a hard time rationalizing the cost
benefit relationship. Much of the material would 304H, but selected
areas which are known to be the hottest spots will be made of 309H for
its improved oxidation resistance. Parts to be made of 309H include
the register doors and door stiffeners, the inner air sleeve, the
throat sieeve, the coal pipe tip and the lighter shield. Material is
being ordered on this basis.

With what RJIM is recommending, flame scanning will be difficult. We
would suggest that the burner observation door be used as the place to
install the second flame scanner unless you believe that the
observation port is definite need for burner set up.
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'BEYOND
BUCKLING

A NONLINEAR FE ANALYSIS

.

thfhoppemtoas?mmaﬂefnconapsesunder
compression? Nonlinear gnne elament anchels is
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PALD ALTO, CALIFORNIA

Ot some time pow,
have been using linear fnite
element analysis to determine

carities that may have significant of.
fects.mmecou:pscloodInconm:.
nonlinear analysis caqn fHow provide
d)emamtofonowtbedlsphmem
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the point of collapse and beyond

fve to seven layers otwvea grapb-
te/epoxy cloth and unidirectional
graphite/cpoxy tape (Figure 1), It
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: Figure 3. Typioal post-buchiing curves of perfect and imperfect structures.
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' graphics packages are making noalin-

car codes quite accessible. Also, new
finite eclement algocithms bypass
many of the computational dificulties
inherent in post-buckling analyses.

One such algorithm that is particu-
larly useful in buckling analysis is
called the arc-length method. By of-
justing the applied load on 2 s
ture, the algorithm holds consunt &
measure of the change in displace-
ment within each increment This
constant value places 3 limit on the
structure's unstable behavior (Figure
4). This adaptive algorithm is capable
of automatically following the behav-
for of the structure through buckling
and post-buckling phascs.

COMPARISON OF ANALYTICAL
AND EXPERIMENTAL FINDINGS

The finite element modiel of the
panel, constructed with Mentat, uses
an eight-node bilinear, layered thin-

" shell element chosen from the Marc
_element library (Figure 5). The striog:
ers and frames; were modefed using
shell instead of beam elements be-
o : . cause of the complex composite lay
S i Ama B VRt i o a by e el e b e e m e e ups and becguse of the large size of
. Plgure 4. Limit on the change of position from one solution to tbe next. the stiffeners in relation to the panel
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(Cuwt mode Unea .} displacemenss predicted &y nonlinear
Pzgm ng shape predicted &y r analyrts. Figure w

itself In all, the model consisted of
€14 shell clements and 34 truss ele-
ments for 2 total of 1256 nodes and
approximatety 2500 degrees of free-
dom. Each bay was 2 simple 12x4
mesh of shells.

A linear buckling analysis on the
panel using standard eigenvalue pro-
cedures predicted the existence of 3
buckled shape with about five sym-
metrical half-waves in the zxial direc-
tion (Figure 6). The buckling oc
cutred at 2 stringer strain of .000%%.
Note that the Unear analysis predicted
that some of the buckling waves
would project outward. This predic.
tion conflicts with what is actually
observed in cylindrical shell buck-
ling—the crushing of 3 soft-drink can
Is an example.

In the nonlinear analysis, the goal
Was to compress the composite paael
In a serics of prescribed displacement
steps. through at least one limit point,
and on into the post-buckling range.
Marc's automatic ineremeating fea-
ture, which employs the constant-are
length mcthod, was used for this pus-
pose. The analyst specified the tnitial
step size (arc length), the desired
number of itermtiond per Lnrcment,
wal cthe maximum step size sligwed

in any increment. The program’s con.
trol option was used (0 specily the
desired convergence criterion

As the first steps were taken, at a
displacement increment of 100 nu-
cro-inches per inch per step, the
structure behaved linearly. After five
increments, the maximum step size
was decreased to 48 micro-inches per
inch. As buckling occutred, the Marc
program automatically adjusted the
applied load to follow the changing
load-carrying capacity of the
structure.

The noalinear analysis clearly dem:
onsteated that the shape predicted by
the linear buckling analysis never oc-
curs in the actual panel Instead, the
panel first buckled into a two-bulge

shape (Figure 7), which appeared at

the end of increment 3 at 2 strain of
645 micro-inches per inch The first
sign of instability, however, occurred
during increment 7, when the string-
er strain increased from 549% to 590
micro-inches per inch. Both bulges in
Figure 7 are inward, which indicates
that interaction between the buckling
modes caused asymmetric (inward)
buckling. The results of this type of
modal interacrion cun be seen only in
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each mode [s assumed to be

independent.

Because of the model's extreme in-
stability near the buckling point, the
program takes six Increments to fully
develop the buckled shape The are-
length method prevents the solution
from growing to the point that it
causes the analysis to fail The applied
displacement changed very little dur.
ing this transition phase, at the end of
which the structure regained its
stability.

As analysts increased the compres-
sive load 1o nearly 1100 micro-inches
per inch of stringer strain, 2 second
snap-through to 2 four-bulge buckle
occurred at Increment 24, as shown
in Figure 8. For the next ten incre-
ments, the four-bulge buckle grew
steadily. The stringer strain increased
from 1110 to 1540 micro-inches per
inch, and the maximum normal - de:
fection of the largest of these' buckles

from 022 inch to 0.26 inch. At

‘this point, aithough structurally la-

tact, the panel had already failed: the
depth of the buckles would have de-

graded acrodynamic performance (00
sever

As the nonlingar anatysis contine
ued, B¢ structure assumed 1 Quce:
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3 of the standard buckiing analy-
‘o sis (Figure 11) are completely differ-
R . ent from e
Pty S sults, Comparing results Som
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Figure 11. Contour piot of the shape predicted by linear analysis.
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